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ABSTRACT
PURPOSE: To evaluate rotational stability and its influ-
ence on postoperative visual acuity of different monofo-
cal and multifocal toric intraocular lenses (IOLs).
METHODS: A prospective interventional study was de-
signed. Ninety-one patients with a mean age of 71.65 
± 11.82 years were implanted with toric IOLs after 
phacoemulsification. Three monofocal toric IOLs (the 
Lentis LT [Oculentis, Berlin, Germany], enVista [Bausch 
& Lomb, Rochester, NY], and AcrySof IQ [Alcon Labo-
ratories, Inc., Fort Worth, TX]) and one multifocal toric 
IOL (AcrySof IQ ReSTOR; Alcon Laboratories, Inc.) were 
implanted. Preoperative and postoperative images were 
taken to calculate the misalignment due to the marking 
method. To evaluate rotation in the different follow-up 
visits, another photograph was taken 1 hour and 1, 7 
and 30 days postoperatively. Refraction, uncorrected 
distance visual acuity (UDVA), and corrected distance 
visual acuity were measured 30 days postoperatively.
RESULTS: Postoperative UDVA was 0.1 logMAR or bet-
ter in 64.6% of eyes implanted with monofocal IOLs 
and 46.4% of eyes implanted with multifocal IOLs. The 
enVista toric IOL showed the best UDVA compared to 
the other monofocal IOLs, with 81% of eyes with 0.1 
logMAR or better. The mean misalignment in the total 
group studied was 0.07° ± 0.60°; 69.6% of monofocal 
IOLs and 67.9% of multifocal IOLs showed less than 5° 
of rotation. A correlation was found between postopera-
tive UDVA and rotation in the monofocal and multifocal 
IOLs implanted (r = 0.439 [P < .011] and = 0.787 [P 
= .001], respectively). 
CONCLUSIONS: At 1 month postoperatively, UDVA was 
slightly more affected by IOL rotation in multifocal than 
monofocal toric IOLs. The marking method was also ef-
fective.
[J Refract Surg. 2015;31(2):XX-XX.]
ne of the main challenges in astigmatism-correcting 
IOLs is ensuring precise alignment on the patient’s 
axis of corneal astigmatism and rotational stability 
after IOL implantation.1,2 The slightest variation in alignment 
will mean that the patient will develop a postoperative astig-
matism on a different axis to that of the preoperative astig-
matism.3 To determine the optimal position for accurate IOL 
alignment, several methods have been proposed in which ink 
marks are placed on the corneal limbus.4-9 In some of these 
systems, corneal marks are placed under monocular vision 
(occluding one eye) to avoid the convergence produced when 
the patient fixates on a near target, or most often under the slit 
lamp with no fixed viewing position. However, none of these 
methods consider the possibility of cyclotorsion in monocu-
lar viewing conditions as described in previous studies.9,10 
On the other hand, if the marks are made binocularly, the 
convergence produced when the patient views a near object 
is not corrected.
Regarding rotational stability, there are several stud-
ies on monofocal toric IOLs with follow-up between 1 and 
6 months, where the lens position remained stable from 1 
month onward.1,2,11-13 Both misalignment (differences be-
tween preoperatively calculated IOL position and real IOL 
position just after surgery) and rotation (differences between 
real IOL position just after surgery and IOL position at post-
operative follow-up visits) are critical to a successful surgery 
in terms of visual quality. If the IOL rotates 15° off axis after 
surgery, there will only be half correction of the power and 
the resultant cylinder will be shifted to a new axis.3 If a multi-
focal toric IOL was implanted, the rotation, misalignment, or 
both will probably worsen uncorrected distance visual acuity 
(UDVA) compared to a monofocal toric IOL; however, there 
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are few studies on multifocal toric IOLs and their rota-
tional effects.14-16
To the best of our knowledge, no previous studies 
have been conducted to compare rotational stability 
and its effect on postoperative residual astigmatism 
between multifocal and monofocal toric IOLs. There-
fore, the main objective of this study was to evaluate 
if there are differences in rotational stability between 
different monofocal and multifocal toric IOL plat-
forms and its influence on uncorrected postoperative 
visual acuity. The second objective was to evaluate 
the effectiveness of a new marking method for reduc-
ing misalignment.
PATIENTS AND METHODS
A prospective interventional study was conducted 
including 91 patients (91 eyes) with a mean age of 
71.65 ± 11.82 years (range: 27 to 95 years). Patients 
were implanted with toric IOLs in one or both eyes 
at the Instituto de Oftalmología Avanzada of Madrid 
during 2013. If a patient had a cataract in both eyes 
and if each lens calculation indicated the need for a 
toric lens, then only one eye from that patient was in-
cluded in the study. Each eye was randomly selected. 
If a patient had a cataract in both eyes but only one 
eye needed a toric lens, that eye was included in the 
study. If a patient required a toric lens in only one eye 
because the other had no cataract or was pseudopha-
kic, that eye was included in the study. In all cases, the 
patients recruited met all inclusion requirements.
All patients participated voluntarily in the study 
and were free to withdraw at any time. Informed con-
sent was signed by all patients after the nature of the 
study and risks of participation were explained. The 
study was conducted in accordance with the tenets 
of the Declaration of Helsinki17 and was approved by 
the Ethics Committee of the Instituto de Oftalmología 
Avanzada of Madrid. Detailed demographic character-
istics of the study population are shown in Table 1.
The inclusion criteria to participate were: an ex-
pected postoperative corrected distance visual acu-
ity (CDVA) of 0.3 logMAR or better, anterior corneal 
astigmatism of 1.00 D or greater, and total astigmatism 
(anterior and posterior corneal astigmatism) of 0.50 D 
or less, with respect to the anterior astigmatism. The 
patients were required to have no corneal irregularities 
when examined under slit lamp or when examined to-
pographically, and to show no observable macular al-
terations following optical coherence tomography. No 
patient was included who showed corneal or macular 
abnormalities, who required a follow-up different to 
that outlined in the protocol used at the center (either 
before or after surgery), or who required a suture. 
Prior to surgery, topography with the OPD II Scan 
(Nidek, Hiroishi, Japan), Pentacam (Oculus Optik-
geräte GmbH, Wetzlar, Germany), laser interference 
biometry IOLMaster (Carl Zeiss Meditec, Jena, Ger-
many), optical coherence tomography with the Cirrus 
platform (Carl Zeiss Medictec), slit-lamp examination, 
refraction, and CDVA were performed. Postoperative 
visits were scheduled at 1 day, 1 week, and 1 month af-
ter surgery. Topography, slit-lamp examination, refrac-
tion, and UDVA and CDVA were performed 1 month 
postoperatively.
We used the Alpins method for calculating astigma-
tism. The Alpins method uses three fundamental vec-
tors: target-induced astigmatism, surgically induced 
astigmatism, and the difference vector. The target-
induced astigmatism is the astigmatic change (by mag-
nitude and axis) that the surgery is intended to induce 
and the surgically induced astigmatism is the amount 
and axis of astigmatic change the surgery actually in-
duces. The difference vector is the induced astigmatic 
change (by magnitude and axis) that would enable the 
initial surgery to achieve the intended target.
IOLs
Three monofocal toric IOLs (the Lentis LT [LU-313T; 
Oculentis, Berlin, Germany], enVista [Bausch & Lomb, 
Rochester, NY], and AcrySof IQ toric IOL [SN6A T3-
T9; Alcon Laboratories, Inc., Fort Worth, TX]) and one 
multifocal toric IOL (the AcrySof IQ ReSTOR [SND1 
T1-T5; Alcon Laboratories, Inc.) were implanted. More 
technical details are shown in Table A (available in the 
online version of this article).
MarkIng MethOd
During the preoperative preparation of the patient, 
two marks were placed at the limbus using a fine-tipped 
gentian violet marker (Devon Skin Marker, Fine Tip 
151; Covidien, Dublin, Ireland) on the horizontal axis 
(0° to 180°) at the 9- and 3-o’clock positions under slit-
lamp observation (Figure 1A). A photograph was taken 
of the patient standing 2.5 m or more from the camera, 
with the head in normal position without the use of a 
chinrest or other support. Both eyes were open, thus 
avoiding the cyclotorsion that can occur if one is closed. 
Images were taken at a distance that avoided cyclotor-
sion when looking at a close object. The position of the 
marks made by the surgeon were measured on the image 
acquired. Thus, once a patient was supine, the exact po-
sition of the mark (made with violet blue) was known, 
independent of any cyclotorsion that might take place.
The camera used was a Coolpix P90 (Nikon, Tokyo, 
Japan), with a 26.0- to 624.0-mm lens (at 35 mm), a 
charge-coupled device of 12.10 effective megapixels, 
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and a 324 (optical)/34 (digital) zoom. The camera was 
placed on a tripod and connected to a bubble level to 
ensure the photograph was perfectly aligned. The cam-
era lens was positioned at eye level and at 2.5 m or 
more. The optical zooming option allowed us to simul-
taneously photograph both eyes. The photograph was 
then exported to a computer equipped with software 
that enables precise angle measurements by means of 
the Scale 2.0 package (AQ1Software R. Sgrillo, Brazil).
On the photograph, the angle the corneal marks 
form with the horizontal line that transects the corneal 
reflex was measured (Figures 1B-1C). This gives the 
exact position of the marks and their angular differ-
ence with respect to the “real” 0° to 180° line. With 
the patient lying down, using the Méndez ring and tak-
ing reference of the previous marks, the axis was to be 
aligned with the IOL’s index marks, considering the 
angle difference observed in the photographic mea-
surements was marked. The preoperative image and 
last photograph obtained during surgery showing the 
final axis position of the IOL were compared to cal-
culate the misalignment due to the marking method. 
To assess the rotation in the different follow-up visits, 
another photograph was taken 1 hour and 1, 7, and 30 
days after surgery.
A triangulation method was used for measuring the 
rotation. This required the determination of the lim-
bal edge, the determination of the IOL edge (optical 
TABLE 1
Preoperative Patient Demographics
Mean ± SD (Range)
Parameter Total
AcrySof IQ  
Toric IOL enVista Toric IOL Lentis LT IOL
AcrySof IQ  
ReSTOR Toric IOL
No. of patients (eyes) 91 (91) 28 (28) 21 (21) 14 (14) 28 (28)
Mean age (y)   71.65 ± 11.82 
(27 to 95)
77.21 ± 8.60  
(58 to 95)
  71.19 ± 9.34  
(57 to 89)
  72.07 ± 11.41 
(57 to 93)
  64.25 ± 14.72 
(27 to 91)
Gender (female/male) 52/39 16/12 10/11 10/4 16/12
Spherical equivalent (D)   0.59 ± 3.75 
(-10.75 to 9.00)
  -0.92 ± 3.45 
(-9.00 to 7.38)
  -0.17 ± 3.64 
(-10.75 to 6.13)
  0.25 ± 4.69 
(-7.50 to 9.00)
  -0.10 ± 4.35 
(-6.63 to 6.50)
Mean corneal astigmatism (D)   1.87 ± 0.67 
(1.00 to 4.55)
  1.72 ± 0.85 
(1.00 to 4.55)
1.89 ± 0.57  
(1.01 to 3.31)
  1.93 ± 0.66 
(1.07 to 3.27)
  1.91 ± 0.61 
(1.00 to 3.08)
Mean keratometry (D)
 Flat 43.10 ± 1.61 43.34 ± 1.61 43.63 ± 1.33 43.13 ± 2.23 42.63 ± 1.54
 Steep 44.97 ± 1.63 45.07 ± 1.77 45.51 ± 1.38 45.06 ± 2.36 44.54 ± 1.41
Mean refractive sphere (D)   0.76 ± 3.66  
(-9.00 to -10.50)
  -0.16 ± 2.99 
(-7.50 to 4.00)
  0.88 ± 3.58  
(-9.00 to 7.25)
  1.11 ± 4.98  
(-7.00 to 10.50)
  0.79 ± 4.32  
(-6.00 to 7.50)
Mean refractive cylinder (D)   2.03 ± 0.86  
(0.50 to 4.25)
  2.26 ± 0.95 
(0.75 to 4.25)
  2.09 ± 0.58  
(1.25 to 3.50)
  1.71 ± 0.87 
(0.50 to 3.50)
  1.85 ± 0.99 
(0.50 to 3.75)
Preoperative CDVA (logMAR)   0.19 ± 0.17  
(0.01 to 0.82)
  0.30 ± 0.21 
(0.05 to 0.52)
  0.15 ± 0.17  
(0 to 0.70)
  0.22 ± 0.13  
(0 to 0.82)
  0.10 ± 0.12  
(0 to 0.52)
IOL power (sphere) (D) 20.79 ± 5.64 19.98 ± 5.98 20.47 ± 4.33 20.67 ± 3.78 19.72 ± 6.82
IOL power (cylinder) (D) 1.91 ± 1.22 2.43 ± 0.97 2.32 ± 0.55 2.84 ± 0.52 2.38 ± 0.72
SD = standard deviation; IOL = intraocular lens; D = diopters; CDVA = corrected distance visual acuity 
The AcrySof IQ and AcrySof IQ ReSTOR are manufactured by Alcon Laboratories, Inc., Fort Worth, TX. The enVista is manufactured by Bausch & Lomb, Rochester, 
NY. The Lentis LT is manufactured by Oculentis, Berlin, Germany.
Figure 1. (A) Two marks placed at the 
limbus on the horizontal axis (0° to 180º) 
at the 9- and 3-o’clock positions performed 
under slit-lamp observation. (B and C) The 
exact position of the marks and their angu-
lar difference with respect to the “real” 0° 
to 180° line.
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zone), one reproducible marker (eg, a vessel crossover, 
a pupil mark) on the eye, and the marks on the IOL. 
The IOL diameter is the same whatever the distance 
of the slit lamp to the eye, allowing the distance mea-
sured to be harmonized between one photograph and 
another. The triangle is formed by the IOL center, IOL 
mark, and biometric marker (eg, a vessel crossover). 
The change in triangle rotation determines the IOL ro-
tation. Clockwise rotation was counted as positive ro-
tation and anti-clockwise rotation as negative rotation.
CataraCt surgery PrOCedure
All surgeries were performed by the same experi-
enced surgeon. The cylinder power and axis were cal-
culated using the software provided by the manufactur-
ers and taking into account the keratometric readings 
measured with a topographer. Phacoemulsification 
was performed through a 2.2-mm clear corneal inci-
sion. The astigmatism induced by the surgeon (FP) was 
previously known. The lenses were introduced via a 
2.2-mm incision and the surgeon induced an astigma-
tism of 0.1 D in the right eye (temporal incision). In the 
left eye, the superior incision produced an astigmatism 
of 0.2 D. This was taken into account when the power 
of the lenses to be implanted was calculated. 
In any case, it was necessary to open the incision for 
inserting the foldable IOL with the injector. To shield 
the corneal endothelial cells, a dispersive viscoelastic 
(Viscoat; Alcon Laboratories, Inc.) was first injected 
into the anterior chamber followed by another cohe-
sive viscoelastic (Amvisc Plus; Bausch & Lomb) inject-
ed below the first one. The incision was not sutured 
and the eyes were not patched.
statIstICaL anaLysIs
Data were analyzed by SPSS version 17.0 (SPSS, 
Inc., Chicago, IL) for Windows. The values presented 
are the mean ± standard deviation of the values ob-
tained. Normality of distribution was assessed using 
the Kolmogorov–Smirnov test. One-way repeated mea-
sure analysis of variance was used to assess the trend of 
IOL rotation during postoperative follow-up visits. Stu-
dent’s t test for related samples was used to compare 
preoperatively calculated IOL position with IOL posi-
tion just after surgery (misalignment). To correlate rota-
tion (absolute values) at 30 days and misalignment val-
ues with UDVA and astigmatism postoperative power, 
Pearson bivariate regression was used. A P value of less 
than .05 was considered statistically significant.
RESULTS
Detailed demographic characteristics of the study 
population are shown in Table 1. All postoperative re-
sults regarding visual acuity, refraction, and rotation 
are shown in Table 2.
Postoperative UDVA was 0.1 logMAR 
(20/25 Snellen) or better in 64.6% of eyes im-
planted with monofocal toric IOLs and 46.4% 
of eyes implanted with multifocal toric IOLs 
(Figure A, available in the online version of this article). 
The enVista toric IOL showed the best UDVA compared 
to the other monofocal toric IOLs, with 81% of eyes 
with 0.1 logMAR (20/25 Snellen) or better (Figure 2).
Mean CDVA showed a statistically significant in-
crease after IOL implantation in all lenses studied. The 
mean preoperative CDVA was 0.19 ± 0.17 (range: 0.01 
to 0.82) and mean postoperative CDVA was 0.02 ± 0.05 
(range: 0.00 to 0.30) (P < .05; Student’s t test). 
The mean spherical equivalent for all patients de-
creased after surgery to -0.10 ± 0.51 D (range: -1.25 to 
2.38 D) and was statistically significant compared to 
mean preoperative spherical equivalent (P < .05; Stu-
dent’s t test), but no differences were found with the 
mean targeted spherical equivalent, which was - 0.03 
± 0.40 D (range: -1.95 to 0.75 D). The mean difference 
between targeted spherical equivalent and mean post-
operative spherical equivalent was -0.07 ± 0.46 D, 
and no significant differences were seen between the 
postoperative spherical equivalent and the targeted 
value programmed after performing the lens calcula-
tion. No statistical differences were found between the 
IOLs implanted, the enVista being the lens with the 
highest mean spherical equivalent and the AcrySof 
IQ ReSTOR toric IOL with the lowest mean spherical 
equivalent after surgery.
Mean cylinder decreased in all patients from 2.03 
± 0.86 D to 0.61 ± 0.57 D after surgery. Statistical dif-
ferences were found for all lenses studied (P < .05; 
Student’s t test). Postoperative cylinder between plano 
and 0.50 D was found in 73.3% and 43.9% of eyes with 
monofocal and multifocal IOLs, respectively (Figure 
B). The enVista IOL showed more eyes with postopera-
tive cylinder between plano and 0.50 D than the other 
monofocal toric IOLs studied, with more than 80% of 
eyes within this range (Figure 3).
A new marking method was also evaluated in this 
study. The misalignment was the difference between 
preoperatively and postoperatively calculated IOL 
positions. The mean misalignment in the total group 
studied was 0.07° ± 0.60° (range: -2.00° to 3.00°). 
Table 2 shows misalignment values for the different 
IOLs. No statistical difference was found between 
preoperatively and postoperatively calculated IOL po-
sitions for any IOL studied (P < .05; Student’s t test).
Rotation of the lenses was measured 1 hour and 1, 7, 
and 30 days after surgery. Figure C (available in the on-
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line version of this article) shows rotation values of the 
monofocal and multifocal IOL implanted at the differ-
ent follow-up visits. No statistical differences between 
visits were found between monofocal and multifocal 
IOLs (P > .05; one-way repeated measure analysis of 
variance).
One hour after surgery, the lens that showed the 
most rotation was that with the plate design (Lentis 
LT). The enVista lens was the most stable and the only 
one to show anti-clockwise rotation; all of the others 
showed clockwise rotation (Figure 4). 
At 30 days postoperatively, 69.6% of monofocal 
IOLs and 67.9% of multifocal IOLs showed less than 
5° of rotation. Fifteen (18.9%) eyes implanted with 
monofocal IOLs and 5 (17.8%) eyes implanted with 
multifocal IOLs showed more than 10° of rotation.
TABLE 2
Postoperative Results of Visual Acuity to Refraction to Misalignment and  
Rotation With the Different IOLs Implanted
Mean ± SD (Range)
Parameter AcrySof IQ Toric IOL enVista Toric IOL Lentis LT IOL
AcrySof IQ  
ReSTOR Toric IOL
Postoperative UDVA (logMAR) 0.14 ± 0.16  
(0 to 0.52)
0.09 ± 0.14  
(0 to 0.52)
0.09 ± 11.82  
(0 to 0.30)
0.12 ± 0.11  
(0 to 0.40)
Postoperative sphere (D) -0.01 ± 0.53 -0.06 ± 0.31 0.52 ± 0.60 0.32 ± 0.44
Postoperative cylinder (D) 0.45 ± 0.48 0.41 ± 0.51 0.63 ± 0.56 0.64 ± 0.53
Equivalent sphere (D)   -0.24 ± 0.56  
(-2.38 to 0.75)
  -0.27 ± 0.38  
(-1.25 to 0.25)
  0.21 ± 0.48  
(-0.75 to 1.00)
  0.00 ± 0.33  
(-0.75 to 0.75)
Postoperative CDVA (logMAR)   0.04 ± 0.08  
(0 to 0.30)
  0.01 ± 0.02  
(0 to 0.1)
  0.00 ± 0.01  
(0 to 0.05)
  0.01 ± 0.03  
(0 to 0.15)
Misalignment (degrees)   0.00 ± 0.67  
(-1.00 to 3.00)
  -0.10 ± 0.70  
(-2.00 to 1.00)
  0.35 ± 0.63  
(0 to 2.00)
  0.17 ± 0.54  
(-1.00 to 1.00)
Rotation 1 hour (degrees)   0.96 ± 4.51  
(-5.00 to 13.00)
  -0.67 ± 6.09  
(-22.00 to 10.00)
  3.78 ± 6.20  
(-8.00 to 18.00)
  2.82 ± 5.11  
(-8.00 to 18.00)
Rotation 1 day (degrees)   0.57 ± 4.79  
(-8.00 to 13.00)
  -0.90 ± 6.22  
(-22.00 to 10.00)
  3.78 ± 5.87  
(-7.00 to 17.00)
  2.82 ± 5.40  
(-8.00 to 18.00)
Rotation 7 days (degrees)   0.50 ± 4.99  
(-9.00 to 13.00)
  -0.71 ± 6.07  
(-22.00 to 10.00)
  3.78 ± 5.87  
(-7.00 to 17.00)
  2.82 ± 5.40  
(-8.00 to 18.00)
Rotation 30 days (degrees)   0.32 ± 5.85  
(-10.00 to 12.00)
  -0.42 ± 5.87  
(-22.00 to 10.00)
  3.71 ± 5.94  
(-7.00 to 17.00)
  2.78 ± 5.83  
(-12.00 to 18.00)
IOL = intraocular lens; SD = standard deviation; UDVA = uncorrected distance visual acuity; D = diopters; CDVA = corrected distance visual acuity 
The AcrySof IQ and AcrySof IQ ReSTOR are manufactured by Alcon Laboratories, Inc., Fort Worth, TX. The enVista is manufactured by Bausch & Lomb, Rochester, 
NY. The Lentis LT is manufactured by Oculentis, Berlin, Germany.
Figure 2. Comparison of postoperative uncorrected distance visual acuity 
frequency at 30 days between different monofocal toric intraocular lenses 
(the AcrySof IQ [Alcon Laboratories, Inc., Fort Worth, TX], enVista [Bausch 
& Lomb, Rochester, NY] and Lentis LT [Oculentis, Berlin, Germany]) for 
different visual acuity values.
Figure 3. Comparison of postoperative refractive astigmatism frequency 
at 30 days between different monofocal toric intraocular lenses (the 
AcrySof IQ [Alcon Laboratories, Inc., Fort Worth, TX], enVista [Bausch 
& Lomb, Rochester, NY] and Lentis LT [Oculentis, Berlin, Germany]) for 
different powers.
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At 30 days postoperatively, 90.5% of eyes im-
planted with the enVista toric IOL showed less than 
5° of rotation, whereas the figures for the AcrySof IQ 
toric IOL and Lentis LT IOL were 64.3% and 64.6%, 
respectively. More than 10° of rotation was observed 
in 21.4% of eyes with the AcrySof toric IOL, 9.5% with 
the enVista toric IOL, and 14.28% with the Lentis LT 
IOL.
There was a correlation between postoperative 
UDVA and postoperative cylinder power in the mono-
focal and multifocal IOLs implanted (r = 0.807, P < 
.001 and r = 0.631, P < .001, respectively), between 
postoperative UDVA and rotation 30 days after the 
surgery in multifocal IOLs (r = 0.787, P = .001), and be-
tween postoperative UDVA and rotation 30 days after 
surgery in eyes implanted with monofocal IOLs (r = 
0.439, P = .011). 
DISCUSSION
In this study, a new toric IOL marking method was 
proposed that minimizes patient movement errors by 
having the patient sitting or standing while adopting a 
normal head position. The marks were made at a dis-
tance at which there should be no convergence in bilat-
eral viewing conditions, avoiding possible monocular 
cyclotorsion. The main error of all available methods 
published to date was regarding the marking because 
the general idea was that those marks performed in the 
0° to 180° axis corresponded just to that meridian. It 
is almost impossible to avoid the typical patient reflex 
of small eye movements, eyes closing, or head turning 
when seeing the marker approaching. These changes 
can generate errors of up to 15° and therefore will af-
fect the final refraction after surgery. 
The main advantage of the marking method de-
scribed in the current study compared to existing ones 
was the checking of the real axis marked with gentian 
violet, thus providing accurate and precise marks of 
the real axis instead of relative position marks.
Seventy-five percent of patients did not present mis-
alignment and only 3 of 91 patients had 2° or more 
of misalignment. In the comparison of the theoretical 
position of the toric lens (obtained by calculation) with 
that observed in the last image obtained during cata-
ract surgery, no significant difference was seen. These 
results demonstrated the usefulness of this marking 
method because it clearly reduced the misalignment 
after surgery.
There are several studies on toric IOL rotation,1,2,11-13 
but to the best of our knowledge this is the first study 
to compare rotational stability between monofocal and 
multifocal toric IOLs and between different designs. 
Moreover, in this study, monofocal toric IOLs were 
compared with the surgery protocol performed by the 
same surgeon. Toric IOL rotation after implantation 
was due to various mechanisms. Factors that may in-
duce toric IOL rotation include postoperative intraoc-
ular pressure fluctuations,18 reduced friction between 
the haptics and the capsular bags produced by an in-
complete ophthalmic viscoelastic device removal,19 or 
capsule size,20 IOL design and materials,12 and com-
pression of the IOL from capsule shrinkage.21
The current results indicated that rotation occurs 
in all of the lenses during the first hour after surgery 
and remains stable during the first month. These re-
sults were in agreement with others demonstrating 
that rotation occurred 1 hour after surgery.12 The fact 
that the rotation takes place so quickly suggests that it 
might be a consequence of poor friction between the 
haptic and the capsular bag due to an incomplete oph-
thalmic viscoelastic device clearance, as previously 
suggested. Alternatively, it could be due to the size 
difference between the capsular bag and IOL diam-
eter. A large diameter of the lens with respect to the 
capsule would produce more friction and therefore 
a minimal risk of rotation, but could provoke distor-
tion of the capsular bag and zonules. Nevertheless, it 
is important to note that the preoperative calculation 
of the capsule size is complicated and there is not 
a clear relation between parameters such as corneal 
diameter and capsule size.22 
When the mean rotation among the different toric 
monofocal IOLs was compared, the AcrySof IQ and 
enVista toric lenses showed less rotation than the 
Lentis LT lens, although none of the lenses showed a 
mean rotation of more than 5°. Both the AcrySof IQ 
toric and enVista lenses are open-loop haptic lenses, 
whereas the Lentis LT is a plate-haptic lens. These 
characteristics may be the reasons for these variations 
in the rotation among the different lenses. Neverthe-
Figure 4. Rotation observed for each design. Negative values indicate 
an anti-clockwise rotation and positive values indicate a clockwise rota-
tion. The AcrySof IQ and AcrySof IQ ReSTOR are manufactured by Alcon 
Laboratories, Inc., Fort Worth, TX. The enVista is manufactured by Bausch 
& Lomb, Rochester, NY. The Lentis LT is manufactured by Oculentis, 
Berlin, Germany.
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less, it is important to indicate that these results were 
in disagreement with those described by Patel et al.23 
because they described plate-haptic lenses as more sta-
ble in terms of rotation than open-loop haptic lenses. 
Interestingly, Prinz et al.12 found a similar rotational 
behavior between both lens designs. Surprisingly, the 
multifocal design of the AcrySof IQ toric IOL showed 
2° more rotation than the monofocal design. It remains 
unclear whether the haptic design plays an important 
role in lens rotation and hence the controversy about 
which haptic design is better for rotational stability. 
More studies are needed to clarify this point.
Stephenson24 reported 9% of patients implanted 
with the enVista toric lens showed a rotation of greater 
than 5°. This result is similar to that achieved with 
this lens in the current study. Our results were slightly 
worse than those reported by Chua et al.11 for the Ac-
rySof monofocal lens. The literature contained no in-
formation on the Lentis LT lenses for any comparison 
to be made. With respect to the AcrySof toric multifo-
cal lens, our results contrast with those of other stud-
ies14 that report a lens rotation of no more than 10°; in 
the current study, 17.68% of patients showed a rota-
tion of at least this amount.
Postoperative UDVA was similar for all monofo-
cal toric IOLs and also when we compared monofocal 
with multifocal lenses. The results presented here con-
firm the results described by other studies indicating 
that the use of toric IOLs permits patients to achieve 
good UDVA after surgery.15,25 With respect to UDVA, 
0.1 logMAR or better was achieved with 66.4% of the 
monofocal toric lenses and with 46.4% of the multifo-
cal toric lenses. Other studies with monofocal lenses 
have reported similar results with the AcrySof toric 
IOL26-28 and enVista toric IOL.24 The literature contains 
no reports on the Lentis LT lenses that would allow 
a comparison. Other studies14 on the same multifocal 
lens report similar results to those of the current study. 
One of the goals of the current study was to see how 
IOL rotation affects UDVA when different designs 
are used and to compare monofocal and multifocal 
lenses. A correlation was found between UDVA and 
rotation with monofocal and multifocal lenses, which 
was stronger in the case of toric multifocal IOLs. The 
correlation was positive in both cases, indicating that 
the higher the lens rotation, the higher the logMAR 
UDVA value obtained, and therefore worse visual acu-
ity. It was expected that patients’ visual acuity would 
be more affected by a greater rotation of the multifo-
cal lenses. In this regard, the distorted image caused 
by residual astigmatism due to rotation was added to 
the loss of image quality due to the apodized diffrac-
tive design of multifocal toric IOLs. Still, the UDVA 
achieved by patients with multifocal toric IOLs was 
comparable to that obtained by patients with monofo-
cal toric IOLs.
The new marking method for the alignment of toric 
IOLs is effective and it is not influenced by conver-
gence, monocular cyclotorsion, or both. On the other 
hand, all toric IOLs studied (both monocular and mul-
tifocal) showed rotation 1 hour after surgery. This rota-
tion was stable during the first month and had slightly 
more influence on UDVA after multifocal than mono-
focal toric IOL implantation.
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TABLE A
Characteristic Details of Implanted IOLs
Parameter AcrySof IQ Toric IOL enVista Toric IOL Lentis LT IOL AcrySof IQ ReSTOR Toric IOL
Type Toric Toric Toric Multifocal toric
Design Open-loop haptic Open-loop haptic Plate-haptic Open-loop haptic
Optic size 6.0 mm 6.0 mm 6.0 mm 6.0 mm
Overall length 13.0 mm 12.50 mm 11.0 mm 13.0 mm
Optic design Biconvex toric  
aspheric
Aspheric Biconvex aspheric  
monotoric
Biconvex apodized  
diffractive aspheric toric
IOL powers (D) +6 to +30 +10 to +30 +10 to +30 +6 to +30
IOL cylinders (D) 1.50 to 6.00 (T3-T9) 1.25 to 5.75 1.50 to 5.25 (T1-T6) 1.00 to 3.00 (T2-T5)
Haptic angulation 0° 0° 0° 0°
Refractive index 1.55 1.54 1.46 1.55
IOL = intraocular lens; D = diopters 
The AcrySof IQ and AcrySof IQ ReSTOR are manufactured by Alcon Laboratories, Inc., Fort Worth, TX. The enVista is manufactured by Bausch & Lomb, Rochester, 
NY. The Lentis LT is manufactured by Oculentis, Berlin, Germany.
Figure A. Comparison of postoperative uncorrected distance visual acuity 
frequency at 30 days between monofocal toric intraocular lenses (IOLs) (n 
= 63) and multifocal toric IOLs (n = 28) for different visual acuity values.
Figure B. Comparison of postoperative refractive astigmatism frequency 
at 30 days between monofocal toric intraocular lenses (IOLs) (n = 63) 
and multifocal toric IOLs (n = 28) for different powers.
Figure C. Box and whiskers plot of rotation of monofocal toric intraocular 
lenses (IOLs) (n = 63) and multifocal toric IOLs (n = 28) at each follow-
up visit. Values are represented as median and quartiles.
